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Postoperative delirium is defined as an acute change in mental status after a surgical procedure, and is characterized by new onset disturbances in attention and awareness. It is associated with longer hospital stays, increased risk of institutionalization, and higher mortality rates. 1 The prevalence of postoperative delirium ranges from 5.3-42% in thoracic surgery patients, [2] [3] [4] [5] [6] [7] [8] to 16-92% in post-surgical ICU patients. 9, 10 Despite growing recognition of the need to prevent postoperative delirium, 1 strategies which target potentially modifiable risk factors in the preoperative setting are limited.
One such potentially modifiable risk factor may be preoperative obstructive sleep apnea (OSA).
OSA is a sleep disorder caused by repetitive upper airway obstruction resulting in intermittent hypoxia and sleep fragmentation. It is associated with a higher risk of postoperative delirium. [11] [12] [13] [14] The prevalence of OSA is 9-24% in the general population, 15, 16 but is significantly higher in surgical populations (33-70%) . 13, 17 In fact, preoperative rates of undiagnosed OSA may be as high as 80%. 18 It is not known whether OSA is associated with postoperative coma, a common phenomenon in ICU patients. Taken together, these findings suggest a need to better understand the relationship between preoperative OSA risk and acute changes in cognitive functioning (namely delirium and coma) in post-surgical patients who are hospitalized in the ICU.
This study tests the hypothesis that thoracic surgery patients hospitalized in ICU who have a higher preoperative risk for OSA are more likely to develop postoperative delirium and coma, resulting in longer hospital stays.
PATIENTS AND METHODS

Data Source
The data in this study were collected as part of the PEPOD (PrEventing Postoperative Delirium) trial (Clinical Trial Registration Number NCT02213900). The PEPOD trial was a randomized, double blind, placebo-controlled single center clinical trial whose primary aim examined the 
Study Population
The trial was conducted at Indiana University Hospital, a 257-bed tertiary hospital that serves the population of Indianapolis, Indiana, from October 2013-June 2015. Patients were eligible to be enrolled in the study if they were English speaking, older than or equal to 18 years of age, and undergoing major thoracic surgery. Patients were excluded if they had a history of schizophrenia, Parkinson's disease, severe dementia, alcohol abuse, neuroleptic malignant syndrome, haloperidol allergy, pregnant or nursing, on cholinesterase inhibitors or levodopa, or a corrected QT (QTc) interval > 500 milliseconds. Study personnel identified eligible patients who fulfilled the inclusion and exclusion criteria and were undergoing pre-operative evaluation at the outpatient surgery center prior to their surgery. Eligible patients were then approached for informed consent.
Pre-operative risk assessment and chart documentation of OSA
Consented patients completed the STOP-BANG questionnaire during their pre-operative evaluation. Briefly, the STOP-BANG is an 8 item validated questionnaire to screen for OSA. 19, 20 The acronym STOP-BANG is based on the first letter of each of the screening questions:
Snoring, Tired, Observed (to stop breathing), Pressure (high blood pressure), Body Mass Index more than 35 kg/m 2 , Age (older than 50), Neck size ≥ 40 centimeters, Gender (male). The risk for OSA is categorized with STOP-BANG scores 0-2 is considered to be low risk; 3-4 to be intermediate risk for OSA, and 5-8 to be high risk for OSA. Based on validation studies of the M A N U S C R I P T
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STOP-BANG questionnaire and clinical trials utilizing STOP-BANG to identify patients who may benefit from OSA treatment, a score of STOP-BANG ≥3 was used to demarcate patients with OSA, i.e. the intermediate and high risk groups were combined to create the intermediate-high risk group for OSA. 21, 22 Charts were also reviewed for diagnosis and treatment of pre-operative OSA. Eighteen patients had a chart diagnosis of preoperative OSA that was confirmed with a sleep study. Three of them had a resolution of OSA with weight loss or surgery; 5 were using the CPAP at home; 2 were using bilevel positive airway pressure (bilevel PAP) at home; 3 used a CPAP or bilevel PAP in the hospital; and 8 were not compliant or not using CPAP or bilevel PAP at home.
Delirium assessment and management
Postoperative patients were screened for coma and delirium twice a day using the Richmond Agitation Sedation Scale (RASS) 23, 24 and the Confusion Assessment Method for the ICU (CAM-ICU) respectively, throughout their entire hospital stay. 25, 26 RASS was first administered to all patients to determine the level of consciousness. Coma was defined as a RASS score of -4 or -5. Research assistants then administered the CAM-ICU in patients who had a RASS score ≥ -3.
Patients were considered delirious if they had a positive CAM-ICU result, achieved by showing signs of acute change in mental status or fluctuating course, displaying features of inattention, and either disorganized thinking or altered level of consciousness. If the subject screened positive for delirium with the CAM-ICU on either assessment during that day, they were considered to be delirious for that day. Duration of postoperative delirium and coma was defined as the total number of days a patient was either comatose or CAM-ICU+ during their entire hospital stay. [27] [28] [29] [30] Delirium severity was measured using the Delirium Rating Scale-Revised-98 (DRS-R-98). 31 Trained and blinded research assistants collected all data points. 26 
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A delirium rescue protocol was implemented to manage symptoms in both the control and treatment arms who developed delirium while enrolled in the study. The protocol focused on pain control through use of fentanyl, morphine, or hydromorphone, and management of agitation/sedation through use of propofol in mechanically ventilated patients and dexmedetomidine in non-mechanically ventilated patients. Open label antipsychotics were discouraged during the intervention phase, but the primary services were not otherwise restricted in their prescribing of haloperidol or other anti-psychotics.
Statistical Analysis
Patients in both the placebo (n = 67) and treatment (n = 68) arms were included in the final analyses. Treatment assignment was included in the final analyses. Given the few patients with known OSA which required treatment (n = 15) and who were treated with CPAP and biPAP while in the hospital (n = 3), treatment of OSA with CPAP and bilevel biPAP was not included in the model as a covariate.
Fisher's Exact Test was used to test for differences in categorical variables between the intermediate-high risk and low risk groups. Due to the skewed distribution of the continuous variables, the Wilcoxon Rank Sum test was used to test for differences for continuous variables between the risk groups. Models were adjusted for covariates (P ≤ 0.10), including age, gender, body mass index (BMI), Charlson Comorbidity Index (CCI), instrumental activities of daily living (IADLs), surgery type, and treatment assignment. Logistic regression was used to determine the association of OSA risk with the incidence of delirium and postoperative complications (arrhythmia, QT prolongation, deep venous thrombosis, physical restraints, re-intubation).
Generalized linear models was used to determine the association of OSA risk with all continuous outcomes. The dependent variables for these models was transformed using the transformation log(days+1) to account for the skewedness of the outcome measures.
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To ensure logistic regression results were not affected by surgery type, a propensity score analysis was also performed. The predicted probability of esophagectomy was estimated using the following variables: age, surgery duration, previous chemotherapy, estimated blood loss, and benzodiazepine dose during surgery. These probabilities were grouped into quintiles, and we then performed a stratified logistic reqression of OSA risk with coma/delirium incidence.
Results were similar to the logistic regression (OR 3.3 (1.3-8.4); p=0.013). Hence logistic regression results were included in the manuscript. All data analyses were conducted using SAS 9.4 software (SAS Institute Inc., Cary, NC, USA).
RESULTS
128 patients who underwent major thoracic surgery completed the STOP-BANG questionnaire. 
COMMENT
Acute changes in the cognitive status of postoperative patients predict poorer clinical outcomes, including higher rates of mortality and morbidity. Our study showed that postoperative delirium affects nearly a quarter of thoracic surgery patients hospitalized in the ICU. We also found that patients with higher preoperative OSA risk were more than three times likely to develop postoperative delirium and coma. However, there was no association between preoperative OSA risk and delirium prevalence, or length of stay in the ICU or hospital. One possible reason we did not detect these expected differences may have been that we used the RASS and CAM-ICU, which are screening tools for delirium. The gold standard for the diagnosis of delirium is a M A N U S C R I P T
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Manual of Mental Disorders, criteria. Another reason is that if a patient had two negative screens on the same day, this counted as a delirium free day. A patient could have had detectable delirium between the times of these evaluations. Therefore, it is possible that we did not detect all cases of delirium.
Our findings about the correlation between OSA and postoperative coma and delirium are significant because previous studies have examined only postoperative delirium as the major outcome. Several landmark studies of ICU delirium have examined coma and delirium as a single clinical outcome, rather than delirium alone, because it may more accurately reflect the acute changes in the cognitive status in this population. Critically ill patients are often comatose due to severity of medical illness, mechanical ventilation, and medications administered for pain and agitation. Patients who are comatose cannot be assessed for delirium. One possible reason that we found a difference for coma and delirium but for not delirium alone could be that this combined outcome may be more sensitive to acute cognitive changes in the ICU. This difference could not be explained by medications administered or perioperative events, and suggests that the higher risk of OSA may predispose towards the development of coma.
Our findings are not consistent with previous literature, which suggests a connection between OSA and postoperative delirium. Flink, et al. have shown in a prospective observational study in patients undergoing elective knee arthroplasty that OSA was associated with more than 4-fold increased risk for incident postoperative delirium. 13 In patients undergoing cardiac surgery, increased risk of postoperative delirium was associated with a preoperative Apnea-Hypopnea Index (AHI) of more than 19 events per hour. 12 These inconsistencies may have been due to type of different populations, the use of polysomnography (PSG) to assess OSA, and a lack of power in our study to detect a difference in the rates of delirium.
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There is a high rate of undiagnosed OSA in patients undergoing elective surgery as these patients frequently do not undergo routine PSG, the gold standard to diagnose OSA. To address the concern about undiagnosed OSA, we administered the STOP-BANG questionnaire, a rapid screening tool that categorizes patients into different OSA risk categories. The STOP-BANG was initially validated in the surgical population, and its use has been extended to include preoperative and primary care clinics. 13, 31 The sensitivity for a STOP-BANG score of 3 or more to predict any severity OSA, moderate to severe OSA, and severe OSA is at 83.9%, 92.9% and 100%, respectively. 21 Nevertheless, the STOP-BANG has its limitations. One clinical trial found that the STOP-BANG was a poor predictor of OSA severity as measured by residual Apnea-Hypopnea Index (AHI), 33 and it is noted that residual AHI strongly correlated to delirium in both non-ICU and ICU patients. 12, 33 This possible limitation of the STOP-BANG may also explain why we only saw a difference for delirium and coma outcome but not for delirium alone.
Although studies have shown that postoperative delirium is associated with longer hospital and ICU stays, we found that there were no association between preoperative OSA risk and length of ICU and hospital stays. Possible reasons for inconsistent results include the differences in the setting and type of surgeries. Earlier studies were completed in the general hospital setting and patients mostly underwent non-cardiothoracic surgeries. Since the patients in our study were placed in the ICU immediately after their surgery, they were monitored more closely, which in turn may have minimized adverse outcomes that would prolong the hospital and ICU length of stay, and mechanical ventilation days. Second, a systematic review showed that there was no differences in ICU or hospital stays between patients who had OSA compared to those without OSA. 11 These findings and our results suggest that OSA alone does not affect length of stay.
The exact mechanism connecting OSA and postoperative ICU delirium is still not well understood. The correlation between residual AHI and postoperative delirium suggest that intermittent hypoxia and/or sleep fragmentation are two potential etiologies. Intermittent hypoxia that occurs in OSA results in a chronic oxidative state, which may lead to cholinergic neuronal injury, and eventually increase vulnerability to delirium. Sleep fragmentation from OSA results in cognitive impairment, which may then lead to the development of delirium. 11, 13 Postoperative oxygenation and hemoglobin levels were not significantly different between the low and intermediate-high risk groups, which argues against hypoxia being an explanation for the difference in the delirium and coma. However, continuous oxygen monitoring measurements and data about supplemental oxygen use were not available, so this interpretation needs to be confirmed. Sleep fragmentation was not assessed, and therefore, its contribution to the differences in delirium and coma cannot be determined in our study.
In summary, this study supports a connection between OSA and postoperative delirium and coma in thoracic surgery patients who have been hospitalized in the ICU. Future studies will be needed to validate these findings in a larger population and will need to use more sensitive, Continuous variables are expressed as mean (SD). Dichotomous variables are expressed as % (N). Logistic regression models were used to assess for dichotomous outcomes. Generalized linear models were used to assess for continuous outcomes. All linear regression models were performed on the log transformation. All models were adjusted for age, gender, surgery type, Charlson comorbidity index score, IADL, randomization group, and BMI. OSA = obstructive sleep apnea; BMI = body mass index; SD = standard deviation; CI = Confidence Interval.
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